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•At NASA’s request, ST ScI is conducting a community-based study to develop a strategic plan for
the second decade of HST

•The “HST Second Decade Study” will
—provide a vision for HST following the final servicing mission, including the early years of NGST
—provide forethought about opportunities, constraints, and issues important for HST’s future 
—provide guidance on allocating HST observing resources

•HST Second Decade Study committee

•Key features
—first meeting was held at ST ScI, July 7-8, 1998 (WFC3 IR channel recommendation) 
—second meeting was held at ECF/ESO in Garching, Nov. 17 & 18, 1998 (Large program statement) 
—third meeting will be held at ST ScI April 13, & 14, 1999
— “uniqueness space subcommittee” to brief NICMOS ISR at STScI 3/4 - 5/99
—community-based approach ( WWW storefront @ http://sso.stsci.edu/second_decade/)
—final report will be distributed in booklet and electronic forms
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The HST Project is requesting that the ST ScI conduct a
community-based study to develop a strategic plan for the
second decade of HST that is consistent with the following
boundary conditions and objectives, taking account of exist-
ing developments and studies.  The Project solicits the 
particular advice of this study group on:

1. observing strategies for the HST that would extract 
maximum scientific value from the observatory while it 
is still in operation 

2. other relevant topics that merit investigation.

The HST Project has been authorized by the Office of Space
Science to plan for an extension of the HST mission beyond
the previous 2005 end-of-mission date. The boundary condi-
tions for the extended mission are as follows:

1. final solicitation for new instruments in 1997 
2. final in-orbit servicing and reboost of HST in 2002 
3. major reductions in HST budget to create development
wedge for NGST 
4. low-cost operations to end of mission 
5. de-orbit in 2010

This extension is consistent with the recommendations of
the “HST and Beyond” (Dressler Committee) study, and will
allow synergy between the HST and NGST missions. In its
second decade, HST will be the premier UV-Optical space
observatory, complementing and supporting NGST’s extraor-
dinary capabilities in the near-IR.

The HST Second Decade Study will create a strategic plan for
the second decade of HST science addressing the following
desired outcomes:

1. continuation of healthy observatory operations (spacecraft
and ground system), with graceful degradation, at least to
2010

2. continuation of HST’s capabilities at the forefront of
world-class scientific research at least to 2010, with emphasis
on those areas where HST is likely to remain unique

3. optimization of HST for UV-optical imaging and spec-
troscopy, assuring both primary and adequate backup instru-
mentation sufficient to assure its performance to 2010 or
beyond 

4. achievement of objectives 1-3 within a highly constrained
budget, taking maximum advantage of resources that already
exist within the HST Project.

Several key elements which would form a basis for the
extended mission are already in place, under development
or under study, and are consistent with this approach. These
are:

1. The Space Telescope Imaging Spectrograph (STIS) - 
the primary tool for UV-optical spectroscopy; development 
complete and paid for; 13 years old by 2010

2. Advanced Camera for Surveys (ACS) - the primary tool for UV-
optical imaging; under development for SM3/2000; developed at
about half the cost of comparable earlier instruments by use of
spare hardware, design drawings, and other heritage from STIS

3. Wide Field and Planetary Camera 2 (WFPC2) - currently
primary imager on HST; between SM3/2000 and SM4/2003
serves as primary backup to ACS and provides continued
unique science because of its filter set

4. NICMOS Cooling System (NCS) - under study and 
development for potential flight in SM3/2000; very low 
cost approach ($6-10M) to extend HST near-IR capability
essentially indefinitely 

5. Cosmic Origins Spectrograph (COS) - extends HST faint-
source UV spectroscopy beyond any prior capability; selected
via AO process for flight in SM4/2003; limited backup to STIS
UV MAMA channels; low cost instrument, utilizing returned
GHRS flight hardware and design heritage plus detector
design and grating technology previously developed for
FUSE

6. Wide Field Camera 3 (WFC3) utilizes returned WFPC1
flight hardware, spare CCD detectors from the ACS program
and NICMOS mechanism design heritage; will be developed
as a facility instrument to fly in SM4/2003; serves as a newer,
more reliable backup to ACS and will continue to provide
unique imaging science complementary to ACS.

7. Low-Cost Operations - new HST ground system (Vision
2000) currently under development, with some elements
already being phased into operation; exploits process
improvements and efficiencies plus capabilities of new
spacecraft 486 computer (flying on SM3/2000), to 
dramatically reduce costs of HST operations; no further 
on-orbit servicing

CHARTER
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STUDY PROGRESS

•HST “uniqueness space”

•Instrumentation

•Program demographics

•Future role of data libraries

•Education & outreach

WFC3 near-IR 
recommendation

Continuing support 
resolution

Large program statement

NICMOS ISR briefing

Statement in preparation

Statement in preparation

1st Meeting 2nd Meeting Current 3rd Meeting

Small/medium/large mix
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WFC-3 Near-IR Imaging Capability: Interim Report

July 8, 1998

The HST Second Decade study committee has been charged with considering
strategic options to maximize the performance of the HST in the years 2003-
2010. At its first meeting, the committee heard presentations on a broad range
of topics relevant to its charge, including HST instrument plans and the current
and anticipated performance of Adaptive Optics (AO) systems and HST/NIC-
MOS. Based on these presentations, the committee discussed the potential
benefit of a new capability for the HST: a high-sensitivity, wide-field, near-dif-
fraction-limited imager in the near-infrared (to approximately 1.8 micron). The
committee concluded that such a capability would enable HST uniquely to
address a broad range of important astrophysical questions and issues, and
would have a particularly large impact on studies of the star-formation history
in galaxies from our Galaxy out to those at very high redshifts.

As it continues its study, the committee will develop an interim report on
ground-based AO systems, a comparison of HST with the ultimate limitations of
near-IR imaging from the ground, and the unique capabilities of HST in this
performance domain. These study results will be included in the final report of
the HST Second Decade study committee.

However, because WFC-3 appears to offer the sole opportunity to assure the
necessary near-IR imaging capability in the period 2003-2010, and because of
the rapid pace of events related to WFC-3, the committee members present
voted unanimously to urge the HST project to explore immediately the possi-
bility of adding a wide-field, near-IR ( J- and H-band) camera to WFC-3

WFC3 IR RECOMMENDATION
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Resolution Concerning the Near-Infrared Channel Addition to WFC3

At its second meeting, the HST Second Decade Committee has given further
consideration to the scientific case and proposed characteristics of the near-
infrared channel on WFC3 developed by the WFC3 team and the WFC3 SOC. 
It is greatly encouraged by the resolutions endorsing the concept of this new
channel as passed by the SOC, STIC, and STUC. The HST Second Decade
Committee unanimously concludes that the addition of a near-infrared channel
appears to be technically feasible, can be expected to have high scientific
return, and will help maximize HST's scientific productivity and competitive-
ness until 2010, which is the central goal of the HST Program.

The addition of a near-infrared channel to WFC3 will assure HST second-decade
access to wavelengths longer than 1 micron. Observations at these wavelengths
are of increasing importance to a number of fundamental research areas,
including the formation and evolution of galaxies at high redshift, star forma-
tion, and the environs of stellar and protoplanetary systems. Furthermore, due
to WFC3's improved infrared-detector quantum efficiency and wider field of
view, its discovery efficiency will increase more than tenfold over that of NIC-
MOS. With this expansion of discovery space, HST will provide a unique 
capability that is complementary to ground-based observations, both with and
without adaptive optics. This powerful near-infrared imaging capability will also 
provide a strong scientific link between HST and its successor, NGST.

Given the short period of time remaining for the design and construction of
WFC3, the Committee believes it is crucial that the WFC3 project move quickly
to resolve outstanding technical issues concerning the near-infrared channel,
such as the required detector properties and the thermo-electric cooler. The
Committee also underscores the conclusion of the recent STIC resolution,
which recommends that STScI and NASA pursue imaginative ways to minimize
the cost of adding the near-infrared channel to WFC3, and that they identify
funding sources, including possible ones within the Hubble Project and the
HST user community.

WFC3 IR CONTINUING SUPPORT
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The second decade of HST will provide an opportunity to stimulate
fundamentally new ways of using this unique facility for projects
with lasting scientific impact. The Second Decade Committee
believes that significantly increasing the number of large programs—
defined here as more than 100 orbits per program—would help
achieve this goal. The Committee recommends that the fraction of
HST time devoted to large programs be increased to 20-30% of total
observing time during the second decade of operations. Such a
large allotment of time would encourage many more large pro-
grams, and enable a qualitatively new class of program requiring
1000 orbits or more.

The value of large programs has been demonstrated, for example,
by the three original Key Projects (Quasar Absorption Line Survey,
HST Medium-Deep Survey, and Determination of Extragalactic
Distance Scale), the Supernova Intensive Search, and the first
Hubble Deep Field. Together, these five programs used only 4% of
the HST observing time in the first eight years of HST, yet they were
the major contributors to three out of the top six and five out of the
top twenty most cited and most noteworthy areas of HST science.

Because they can produce large, coherent data sets for archival
research in addition to immediate scientific results, large programs
could provide an exciting legacy for HST and a foundation for
future space missions and ground-based research programs for
decades to come.

The Committee recommends that the selection of large HST 
programs should be through a peer-review process separate from
the normal TAC process.

The Committee will continue to discuss and solicit community
input on the variety of other issues related to implementing signifi-
cantly more large programs on HST. These issues include…

1) What activities would facilitate new approaches to large programs
and create opportunities for broad community participation and
synergy with ground- and space-based observatories, e.g., work-
shops, sessions at larger conferences, and web sites?

2) Should there be a group constituted to aid or advise the STScI
director on the development and implementation of large 
programs? (For example, this group might organize the above 
workshops, etc.)

3) Given that resources will be much more limited in the next
decade, what steps can be taken to assure the scientific value of
large programs, while at the same time ensuring that the overall
program is cost-effective and consistent with plans for low-cost
operations?

4) How should STScI be involved in the definition and/or imple-
mentation of large programs? (Possible benefits of STScI involve-
ment include optimized data quality, calibration, and archiving 
functions, cost control, and use of a mature infrastructure already 
in place to feed back the experience for the benefit of the entire 
community.)

5) How and when should the observations be released? In what
form and at what level of calibration? Will the data be proprietary
for a period or not?

6) What should be the responsibility of large-program teams in 
creating data sets for the archive and in facilitating data utilization?

7) Given that much of the value is envisioned to be in follow-on
research, how much GO and AR funding should be available for
large programs? How should this funding be allocated?

LARGE PROGRAMS

Interim Statement on Large Programs
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IR Performance Parameters: HST vs. Adaptive Optics 
Telescopes 

ATTRIBUTE ADAPTIVE OPTICS TELESCOPES HST INSTRUMENTS

year = 1999 year = 
2004

year = 2010* NICMOS WFC3/IR

Detector 
format

1024 pixels 2048 
pixels

4096 pixels 256 pixels 1024 pixels

Spatial 
resolution

0.026 (J) 0.011 (J) 0.011 (J) 0.08 (J) 0.1**

0.034 (H) 0.015 
(H)

0.015 (H) 0.15 (H) 0.1**

Strehl ratio 0.3 (J) 0.8 (J) 0.95 (J) 0.85?? (J) Not Nyquist

?? (H) ?? (H) ?? (H) ?? (H) sampled

Field of view isoplanatic 
limit***

30" 30" 120" 11,19"
50" 
(NIC3)

100"

one 
detector 
limit

10" 20" 40"

Sky coverage natural star <10% <10% <10% 100% 100%

laser star 50-100% 50-100% 100%

PSF "stability" variable in 
space/time

varies 
but 
known 
and 
calibrated

varies but 
known and very 
well calibrated

extremely
stable****

extremely
stable****

Limiting mag.
(S/N=10; 1 hr)

pt 
source(J)

?? ?? 27 (LBT) 22.6 
(NIC1)

27

pt 
source(H)

?? ?? ?? (LBT) 22.8 
(NIC2)

27.2

ext. 
source(H)

?? uJy/sq" ?? 
uJy/sq"

?? uJy/sq" 20 uJy/sq" ?? uJy/sq"

Wavelength 
coverage

1-10 um 1-10 um 0.3-20 um 1-2.5 um 1-1.9 um

Spectro. 
resolution

30/100,000 100,000 >200,000 200 800

Spectro. slit 
width

0.1-0.2" 0.1" 0.06" (LBT) slitless slitless

* Assumes continuing development at present or improved funding levels.

** Requires dithered observations to achieve subpixel sampling.

*** Isoplanatic angle yields SNR with ~1/e dependence on field of view.

**** Stability only limited by spacecraft "breathing" and tracking jitter (7mas rms).

HST VS. ADAPTIVE OPTICS

•Work in progress

•Briefing to 
NICMOS ISR at STScI 3/4 - 5/99


